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Sydney. 
Ultrasonic or supersonic waves have a 
frequency outside the range at which the 
human ear is capable of perceiving them 
as sound. The frequency of audible sound 
lies between sixteen and twenty thousand 
oscillations a second. Anything outside 
those figures is inaudible; ultrasound con-
sists of frequencies above twenty thousand. 
The therapeutic use of ultrasonic waves is 
a relatively new branch of physical medi-
cine. 
Ultrasound is a special form of sound 
comparable with ultraviolet light as a 
special form of light; ultrasound is in-
audible to the human ear and ultraviolet 
light cannot be seen by the human eye. 
It is essential that anyone using this form 
of treatment should understand at least the 
basic properties of the waves and should be 
aware of their possible effects on biological 
tissues. In discussing some of the properties 
of ultrasound it is convenient to compare 
iti with ordinary sound. Thus we all know 
that audible sound is distributed uniformly 
in all directions unless it is purposefully 
emitted in one direction, as in the case of 
a loud speaker. Ultrasound, on the other 
hand, leaves the source of energy as a 
directional beam of waves which are prac-
tically parallel; so we are justified in 
speaking of an ultrasound beam. 
It is interesting to note that the auditory 
sense in some animals is capable of 
receiving frequencies higher than that of 
human beings. Dqg whistles are made with 
frequencies that can be heard by dogs but 
not by men. The bat is capable of sending 
out short impulses, oscillating at about fifty 
kilocycles (50,000 frequencies a second) 
and can also perceive these high-frequency 
oscillations through the medium of the ear. 
The bat thus employs a kind of radar tech-
nique for orientation, though it uses 
acoustic and not electromagnetic oscilla-
tions. 
When a tuning fork is struck to produce 
a note, the prongs vibrate back and forth, 
striking the surrounding air rhythmically. 
The air is alternately compressed and 
expanded, carrying high and low pressure 
waves which advance with a certain 
velocity through the surrounding medium. 
The velocity varies in different media. At 
o° Centigrade the velocity in air is 331 
metres per second; in pure oxygen it is 
316 metres per second; in hydrogen it is 
1284 metres per second; in water it is 1497 
metres per second. The velocity in liquids 
is generally higher than it is in gases. It 
is practically the same in all frequencies of 
tone under the same physical conditions; 
if that were not so, for example, the high 
and low notes of an orchestra would reach 
our ears at different times, Ultrasound 
behaves exactly as ordinary sound does in 
these respects and they have the same 
velocities. The vibrations in periodic pres-
sure coming in contact with our ear-drums 
cause them to vibrate in harmony. Sound 
waves can travel through biological tissues; 
they cannot travel through a vacuum, but 
can travel in matter. Successions of 
periodical positive and negative pressure 
travel in the direction of propagation of 
the waves. That vibration is known as 
longitudinal oscillation. The fundamental 
principles of wave lengths and frequencies, 
as in short wave therapy, are well known 
and apply similarly to sound waves. The 
reach of ultrasound is the distance in which 
the initial intensity decreases by one-half. 
The reach of the supersonic wave is 1800 
times as much in water as it is in air; 
that is an important factor where the body 
fluids are concerned. The tissues of the 
body contain a high percentage of water 
and for practical purposes act as water in 
the propagation of sound waves. 
Characteristics of Ultrasound. 
The source of sound in an ultrasonic 
apparatus is known as the sounding head. 
It consists of a circular metal diaphragm 
of known area inserted in a holder. The 
average area is usually between four and 
five square centimetres. In calculating 
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dosage the area of the diaphragm is an 
important factor. The most satisfactory 
frequency to use in therapy has proved by 
experience to be in the range of 800 to 
1000 kilocycles. Ultrasound waves can be 
focused along a narrow beam; the higher 
the frequency, the less will be the deviation 
from parallelism. Ultrasound can be 
directed more readily from a narrow 
sounding head in contradistinction to 
audible sound; that is a useful property in 
its therapeutic application. As the beam 
passes through different tissues it tends to 
produce heat unevenly; the planes of 
separation of layers and the periosteal 
covering of bones get more of the heat 
than the intermediary tissues. That effect 
must always be kept in mind when ultra-
sonic treatment is used. 
To transmit ultrasound waves to the 
body from the skin surface it is necessary 
to use a coupling agent, which is usually an 
oil, such as liquid paraffin. If a coupling 
agent is not used, a layer of air even only 
one-thousandth part of an inch in thick-
ness will completely reflect all the energy 
and none will enter the tissues. Water is 
also a very effective coupling agent. In 
the subaquatic method of supersonic 
therapy the sound-head and the part of the 
body under treatment are placed in a water 
bath. To eliminate bubbles of air, it is 
advisable to use boiled water. The distance 
between the sound-head and the skin is 
not of much importance, but the operator 
must not immerse his bare hands or allow 
any bubbles to remain on the sound-head. 
If the hands have to be submerged for any 
length of time, a pair of cotton gloves 
covered with a pair of rubber gloves are 
worn. Thus a layer of air surrounds the 
hands and insulates them. Buchtala's 
method is used sometimes, especially for 
very uneven surfaces. In this method a 
thin rubber water cushion is applied 
between the sounding head and the skin 
surface. 
Biological Effects of Ultrasound. 
If a drop of water is placed on the dia-
phragm of the sound-head and the power 
}s turned on, the water will start to bubble 
in a few seconds and then turn into a fine 
mist and disappear completely. That is a 
good demonstration of the agitation to 
which the tissues are subjected with fric-
tion of the particles and production of heat. 
But the heat produced ultrasonically is 
relatively lower than that produced with 
diathermy. And the heat is not distributed 
evenly within the tissues, but is increased 
at the border planes between tissues, 
especially at the periosteum. These mechani-
cal oscillations cause rapid agitation of the 
particles of living tissues amounting to 
micro-massage. 
In addition to these mechanical and 
thermal properties, certain chemical and 
colloidal changes can be effected. Chemical 
reactions are accelerated. Cane sugar can 
be split into monosaccharides, oxidation is 
accelerated, and oxygen may even be 
activated. According to Dornon, all the 
resultant chemical phenomena can be 
ascribed to the liberation of oxygen. It 
has also been stated that starch and glyco-
gen are broken down and that beet sugar 
is inverted. The colloidal effects are par-
ticularly impressive. During exposure to 
sonic energy clouding occurs at the boun-
dary layers of immiscible liquids, such as 
mercury and water or oil and water. Some-
one has described the action of ultrasound 
waves as a form of micro-massage and that 
may be part of the picture. Cells similar 
to amoebae have been observed to dis-
integrate under exposures to ultrasound. A 
definite vortex is visible when erythrocytes 
or infusoria in water are exposed to ultra-
sound waves. If small particles or blood 
corpuscles are exposed to the energy in a 
tube, layers form at intervals corresponding 
to the wave length; in the layers the par-
ticles are concentrated and the intervening 
layers ars relatively empty, but the cells are 
undamaged if certain limits of energy are 
not exceeded. When those limits are 
exceeded cellular disruption occurs; ery-
throcytes are hsemolysed when suspended 
in sufficient dilution in a liquid. For-
tunately, it is unlikely that haemolytic action 
can occur in the human body because of 
the high concentration of cells. Death 
occurs in certain multicellular animals from 
the passage of ultrasonic energy of suf-
ficient intensity. In frogs, signs of mus-
cular incoordination appear and paralysis 
of the flexor muscles may persist. 
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When ultrasonic therapy is properly 
applied it has a definite analgesic effect on 
nerve tissues, and the blood supply to the 
part under treatment is increased more 
effectively than it is by any other method, 
yet the heat is not increased proportionately. 
More recently, workers in this field, especi-
ally in Germany, maintain that the neuro-
trophic effects are indirect, being evoked 
through the reflex arcs, but they play a 
large part in the beneficial effect of the 
treatment. At present we must be pre-
pared to attribute the action of ultrasonic 
therapy to a combination of these factors, 
General Principles of Application, 
The sounding head is applied as in one 
or other of the methods mentioned above; 
sounding through clothes and coverings is 
ineffective. Liquid paraffin, if selected as 
the coupling agent, should be applied well 
to the skin area to be used before the 
sounding head is pressed lightly on the part. 
The sound-head should be slowly stroked 
over the area continuously and evenly. The 
technique of holding the sound-head 
stationary involves considerable risk, and 
its use should be restricted to experts with 
great experience. If pain is felt, it indicates 
that the intensity is too great, Intensity is 
expressed in watts per square centimetre 
of the sound-head, and the usual maximum 
intensity is about three watts. It is not 
necessary to exceed that intensity, but the 
time factor may be prolonged up to a limit; 
usually treatment should not continue for 
more than ten minutes at a sitting. It is 
believed that better results are obtained by 
using a high intensity for a short period 
than a low intensity for a long period, 
though both intensity and time should be 
within the limits already defined. As the 
methods of application and the reactions of 
patients vary, a very wide range of dosage 
is admissible. At the commencement of 
treatment it is advisable to give low inten-
sity for a short time period. At progressive 
sessions, at first the intensity and later the 
time may be increased according to the 
patient's reaction, which should be noted 
carefully after each treatment. With 
experience the practitioner obtains fairly 
accurate knowledge of the dosage required 
in the treatment of certain specified com-
plaints. A course of treatment usually 
consists of not more than twenty sessions 
and on alternate days. 
Indications for Ultrasonic Therapy. 
With the advent of any new form of 
therapy it is usual for extravagant claims 
of benefit beyond the actual facts to be 
made; that is because of excessive enthusi-
asm and optimism. In this regard ultra-
sonic therapy has not been exceptional. 
Sufficient time has passed, however, for 
sifting the wheat from the chaff, and, in 
a limited field, the therapy has become a 
useful addition to the resources of the 
practitioners of physical medicine. It is 
indicated mainly in cases of neuritis, fibro-
sitis and myositis, arthritis, and some of the 
vascular dseases. Favourable additional 
claims have been made for its use in 
asthma, local inflammatory processes, and 
other conditions. In asthma, in a limited 
personal experience, the results have not 
been encouraging. 
Contraindications for Ultrasonic Therapy. 
It should always be borne in mind that 
ultrasonic waves, if wrongly applied, may 
have properties destructive to living tissues, 
even though the patient may not feel any-
thing definitely of an unpleasant nature 
during the treatment. It is inadvisable to 
cause the patient to have any pain; that is 
a sound general rule which has been con-
firmed by experience. The reactions of 
patients vary considerably, however, and 
ultrasonic therapy requires higher skill in 
its application than is the case with the 
use of short waves. Similarly, there are 
more dangers with ultrasonic therapy. 
Ultrasound waves should never be applied 
to: (1) growing zones of juvenile bones; 
(2) germ glands, tubes and ovaries; (3) 
pregnant uterus; (4) the whole of the 
central nervous system at one time; (5) 
tuberculosis; (6) actinomycosis; (7) malig-
nant tumours; (8) diseased heart; (9) 
eyes. 
Mechanics of Production of Ultrasound 
Waves. 
Expressed briefly, the oscillations are 
generally produced on the piezoelectric 
principle. A high-frequency potential is 
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applied to a specially cut crystal connected 
to the diaphragm of the sounding head. 
It causes the crystal to contract and expand 
in harmony with the electrical frequencies, 
converting electrical oscillations into 
mechanical ones. It is exactly the method 
employed in reverse which is used in 
gramophone and radio appliances. Electro-
magnetism, which was used previously, has 
now generally been superseded by the piezo-
electric system. An ultrasound transmitter 
consists of a generator for high-frequency 
electricity connected by cable to the sound-
ing head which contains the quartz crystal 
and the diaphragm. 
In using an ultrasound unit it should be 
recognized that one is handling a very 
delicate and highly sensitive instrument 
which is costly to buy or to repair. The 
sounding head, unfortunately the most 
expensive single part, is also the most 
vulnerable; it can easily be dropped or 
knocked off the holder. At present, a 
replacement for this part costs In Aus-
tralia approximately £70 ; and it is doubt-
ful whether it can be repaired locally. 
There is a warning from the makers that 
the unit should not be turned on for more 
than a brief period unless the sounding 
head is applied to the skin surface or is 
immersed in water. As all the energy 
generated remains in the sounding head, 
it is likely that in those circumstances it 
would become damaged by the heat 
produced. 
The Clinical Field for Ultrasonic Therapy. 
Rheumatology supplies the most favour-
able scope for ultrasonic therapy. Osteo-
arthritis of any joints can be treated with 
reasonable expectation of benefit. There 
is no known cure for the condition, which 
is degenerative and irreversible. As one of 
the most prominent effects of the treat-
ment is relief of pain, it is understandable 
that some beneficial effect would be experi-
enced by the patients. Relaxation of the 
tissues can also be obtained which reduces 
the stiffness of the joints considerably in 
the course of systematic treatment. The 
reduction of stiffness improves mobility, 
enabling exercises to be carried out simul-
taneously, which will increase flexibility, 
allowing further mobility. 
Good results can be obtained in rheu-
matic affections of muscles and periarticular 
tissues, such as muscular rheumatism and 
lumbar fibrositis. We have also had good 
responses to treatment in "frozen shoulder" 
—humeroscapular periarthritis. The con-
dition often follows trauma and the 
shoulder gets very stiff. Frequently a 
deposition of calcium in the tendon of the 
supraspinatus muscle can be demonstrated 
radiographically. 
In osteoarthritis of the hip joint of 
moderate or slight degree satisfactory 
results are frequently obtained. Little or 
no response should be expected when the 
signs are well advanced and it can be 
demonstrated that there is almost a total 
loss of cartilage, limited contact between 
the head of the femur and the acetabulum, 
and subluxation of the head. Three dif-
ferent areas are used as points of applica-
tion of the treatment of the joint region: 
anteriorly, in the groin; laterally, in the 
trochanteric and supertrochanteric region; 
and an area on the posterior aspect of the 
joint. The average intensity used is in the 
range between 1*5 and 2-0 watts per square 
centimetre of the sound-head. It is advis-
able to avoid pain throughout the course 
of treatment. Ultrasonic therapy does not 
solve the problem of osteoarthritis of the 
hip joint. It will have very limited value 
in advanced cases with destruction but may 
afford some relief of pain and should be 
regarded as merely adjuvant and conserva-
tive. We have had some good results in 
osteoarthritis of knees and hip joints, but 
we feel that ultrasound has not any 
advantages over short wave therapy or 
histamine ionization in the treatment of 
knee joints. 
We have been able to use ultrasonic 
therapy in the arthritic clinic at the Royal 
Prince Alfred Hospital on several patients 
with ankylosing spondylitis and have found 
it most useful to relieve the pain for those 
that have acute exacerbations but are 
unable at the time to have further deep 
X-ray therapy. For vertebral disc lesions 
ultrasonic applications to the affected seg-
ments along the paravertebral areas seems 
to give quite a measure of relief, probably 
by decreasing the muscular spasm. In 
ankylosing spondylitis ultrasonic treatment 
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is quite secondary to X-ray therapy, and in 
other inflammatory types of arthritis it is 
of little, if any, use. Epicondylitis, "tennis 
elbow", is a condition which is often diffi-
cult to clear up within a reasonable time. 
In our experience it has responded fairly 
favourably to ultrasonic therapy, which 
seems to compare more than favourably 
with other forms of treatment used for 
relieving it. Sciatica usually responds quite 
well, and dramatic relief is sometimes 
obtained, but there are often temporary 
periods of recession followed by further 
phases of improvement. Dupuytren's con-
tracture is another lesion which is refrac-
tory to physical treatment, and to get 
lasting benefit from it we feel that ultra-
sonic therapy must be used in the early 
stages and repeated courses will usually be 
needed, six months and one year thereafter. 
It is one of the conditions in which the 
subaquatic method is preferred. 
We have treated a few patients in the 
out-patients' department with chronic vari-
cose ulceration of the legs. The ulcers 
have usually been of very long standing, 
but the pain has often been relieved con-
siderably; but it is doubtful if ultrasonic 
therapy is the best treatment in the circum-
stances. 
The Ultrasonic Beam in Diagnosis and 
Research. 
The ultrasonic beam may possibly be of 
use as an aid in diagnosis. At times radio-
graphs are indistinct or deficient in con-
trast because of certain physical charac-
terestics of the media. In certain patho-
logical states the wave-resistance of the 
lesion may be very different from that of 
the surrounding tissues; structures with a 
high reflection coefficient for ultrasonic 
oscillations can be detected inside soft 
tissues. The method of greatest promise 
is probably the echo method proposed in 
1940 by Gohr and Wedlkind. It is a form 
of radar technique applied alike to acoustics, 
calculi, or any structures of the above-
mentioned class. The difficulties are 
numerous, but may be overcome in time; 
then we will have another useful aid in 
diagnosis. 
In conclusion, brief mention will be made 
of an interesting application of ultrasonic 
beams in some research work on cataract 
of the eye carried out in the United States 
of America by Lavine and Longerstrass. 
Ultrasonic oscillations may be applied to 
the eye either as parallel waves or as 
focused convergent beams. Ultrasonic 
perinuclear cataracts have been produced 
by the parallel waves; it is considered to be 
a cavitation effect and is reversible. When 
a sharply focused beam was used it was 
possible to bombard the lens alone to the 
exclusion of the rest of the eye when the 
beam was focused properly. A dense white 
opacity was produced on excised calves' 
eyes subjected to this experiment. The size 
of the opacity depended entirely on the 
time factor, which was only a matter of 
seconds. This process is called ultrasonic 
cataractogenesis. 
It has been suggested that by means of 
the application of relatively small but 
repeated ultrasonic stimulation to the living 
lens a process of gradual clearing of a 
cataract may be set in motion; apparently 
that is not possible in a non-living lens. 
This work is still in the experimental stage 
but is mentioned as an example of what is 
being done and to show that there may be 
interesting developments soon with this 
neW and fascinating therapeutic agent. 
